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USED FUEL STOCKPILES:

- a concern:

- fissile elements
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- anasset
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1 - THE CURRENT FRENCH
NUCLEAR FUEL CYCLE




cea THE FRENCH NUCLEAR FLEET
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RECYCLING TECHNOLOGIES :
DECADES R&D !
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CeR FINAL WASTE VITRIFICATION
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La Hague plant
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CURRENT RECYCLING STRATEGY :
— THE RATIONALE

- saving uranium resources
(#10% of French nuclear electricity from MOX fuels)

DE LA RECHERCHE A LINDUSTRIE

- safe & secure ultimate waste without plutonium;
(volume , heat load , radiotoxicity decreased)

- mastering the growth of plutonium inventory
(Pu flux adequacy : Pu from processing= Pu refueled)

- plutonium safely concentrated in used MOX fuels
(available for future use)
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FINAL WASTE DISPOSAL

CIGEO Project (Andra)
-500m,in a clay layer

licence application: # 2017

active operation : from 2025
(a preliminary « pilot phase »)

IMAETL13.0108 A

Sockets for glass canisters




GLASS CANISTERS DISPOSAL
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2 - TRENDS & OPTIONS
FOR THE FUTURE




WHY FAST NEUTRON REACTORS ?

Robert N. Hill
- ~ 233 ACS National Meeting — Chicago,,
2007

__ \ B PWR
— OSFR

Fission/Absorpt
©
a1
o
-~y
|

o) D 2\ ) g
gt % 3o} 3o} 30} ™ ™
4% 4% 4% & G & & Q2 Qv YV 9
VY XY 3‘1 Q‘: A

Pu burning in FRs favors Pu fission ,
allowing Pu multi-recycle

== (1) Systematic U & Pu recycle, (2) in fast neutron reactors

- for a sustainable management of nuclear materials & waste,

- avoiding increasing of Pu-bearing stockpiles,

- opening the way to a drastic extension of the use of U resource



http://www.cea.fr/

CURRENT RECYCLING STRATEGY :
Cea

“THE NATIONAL INVENTORY”, 2012 (ANDRA)

K used UOX : N
2010: 14000t (# stabilized)

* used MOX :
2010: 1300 tons (increasing 120 tons/year)
\ 2035 : 4000t ( about # 250t Pu) J
K depleted U: \

2010: 270000t
2035: 450000t

 used REU :
2010:320t
\_____ 2035:1800t J




FROM CURRENT FUEL CYCLE...

TO FAST REACTORS FUEL CYCLES
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FR REACTORS DEPLOYMENT:

CURRENT SCENARIO STUDIES
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FR REACTORS DEPLOYMENT:

CURRENT SCENARIO STUDIES
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FR REACTORS DEPLOYMENT:

CURRENT SCENARIO STUDIES
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FR REACTORS DEPLOYMENT:

CURRENT SCENARIO STUDIES

A EDF-AREVA-CEA joint studies
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""""""""""""""""""""""" FUEL CYCLE OPTIONS PERFORMANCE ASSESSMENT
(1) NUCLEAR MATERIALS
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FUEL CYCLE OPTIONS PERFORMANCE ASSESSMENT
(3) REPOSITORY FOOTPRINT
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Ce2y FAST NEUTRON REACTORS ELEXIBILITY
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3 — R&D CHALLENGES




FAST NEUTRON REACTORS

- Sodium Fast Reactor, the reference option : \

[ASTRID, the technology demonstrator]

- maturity, possible further improvements
(safety, operability, economics)

- developed with industrial
and international partners
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THE ASTRID PROGRAM

- 600 Mwe , « pool » type
- oxide fuel, transmutation capabilities
-Innovative design:
- self-sustainable safer core
- core catcher, residual heat removal
- power conversion system
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DE LA RECHERCHE A LINDUSTRIE

PROCESSING USED FUELS

URRENT RECYCLING TECHNOLOGIES: ]

C
[a robust basis for oxide fuels recycle!

DAPTATION to fast neutron reactor fuels

RO i T

Marcaule ,,‘_.;./lﬂlllll

(higher Pu content) \
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- IMPROVEMENT of the technologies

Recently : UPu co-management i
cold crucible melter vitrification SNTR

\

I
Tomorrow : single-cycle, redox-free process? (to simplify!)/




Cea FUEL FABRICATION TECHNOLOGIES

POWDER METALLURGY, the reference option for FR-MOX fuels

S . Recycled
x‘;;’% ,‘ '. - & uo PUOZ UPUOQ
( CFCA , Cadarache) =
” : » Ball milling le
= .k .
== Binder mixing
Oxyde SFR fuels fabrications in ATPu between 1963 and 1999 Granulation
. : Nb of pellets ¥
Réactors Nb of pins . Pellets (t Pu (t
P (millions) (trm) (trm) Lubricant mixing
F
Rapsodie 28 536 1 1,2 0,35 il
Phénix " 180941 12,6 32,4 8,2 Pressing
Super-Phénix " 208396 16,9 71,2 12,7 y
PFR (GB) " 9555 0,7 1,6 0,54 Sintering
Total " 427428 31,2 106,4 21,8

- TOBE ADAPTED (Pu from LWR-MOX, increased BU)

- TOBE IMPROVED (new precursors)
[ ASTRID FUEL FABRICATION FACILITY UNDER DESIGN]




MINOR ACTINIDE P&T
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MA recovery innovative processes
have been successfully experimented,at lab-scale
[ SANEX 2005, GANEX 2008, EXAm 2010] (kgs, genuine SNF)

R&D goals: optimize and pilot-scale approach

, separation, MA-bearing fuels fabrication, transmutation:
a long way to reach industrial feasability

NG
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AMERICIUM TRANSMUTATION

Pin-scale transmutation experiments

PHENIX
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In-pile
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fuel separation: | — |
2010~ COEX c :
2011
2015-\\‘
2015~~~ Co-precipitation Pellets (U,Am)O,
2016 ~_(VAm) |
\ The « integral experiment » for Am P&T B > 2016
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« en resume... »
/> Reprocessing and recycling today: \

- well-proven technologies, at commercial scale
- thanks to important R&D (research & industrial bodies)
- provides significant benefits:

- natural resource savings
- optimization of final waste management

k - mastering plutonium inventory /

/> A first step towards more and more sustainable systems )

- a “step by step approach,

- with the progressive deployment of generation IV reactors
(for Pu full burning, natural uranium utilization drastic increase,

\_ long-lived elements transmutation...) )

‘> The ASTRID program, an opportunity for technical demonstration

X and for international cooperationJ




INCREASING SUSTAINABILITY BY RECYCLING ...

no recycle (« oncethrough »)

U Pu recyclingin LWRs

U Pu multi-recycling in FRs

All TRUrecycling...

HLW VOLUME

10 I 10

) Oncethrough Pu recycle all-TRU recycle \{

100 30 <5

HLW « FOOTPRINT » /




THANK YOU
FOR YOUR ATTENTION !
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www.sfen.fr/IGLOBAL




PLUTONIUM MULTI-RECYCLE
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MINOR ACTINIDES TRANSMUTATION:

DRIVERS...

Minor actinide removal could provide

an optimization of final waste management:
by decreasing waste long-term radiotoxicity

by decreasing the repository footprint (Am recycle mainly)

Fast neutron reactors incentives:
MA production : 3 -5 times lower in FR (vs. LWR)

MA transmutation : possibly quantitative in FR
(MA multi-recycle)
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